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Objective: Osteoarticular tuberculosis (OATB) is one of the most common 
forms of extrapulmonary tuberculosis; however, limited epidemiological data 
are available on this public health concern worldwide, especially in developing 
countries. This study aimed to analyze the clinical epidemiology and drug 
resistance characteristics of OATB cases in Hunan province which located in 
South-central China.

Methods: We retrospectively enrolled OATB patients with Mycobacterium 
tuberculosis culture positive at Hunan Chest Hospital from January 2013 
through March 31, 2022. The multiple demographic, clinical variables and drug 
susceptibility data of the patients were collected from the hospital’s electronic 
patient records. Descriptive statistical methods, Chi-square test and logistic 
regression analysis were employed as statistical methods.

Results: Of the 269 OATB cases, 197 (73.23%) were males, 206 (76.85%) were 
farmers; patients’ ages ranged from 5 to 85  years, 57 (21.19%) aged at 20–
29  years old and 52 (19.33%) aged at 60–69  years old. In terms of the disease, 
177 (65.80%) had spinal TB with most occurrence in lumbar vertebrae (26.02%, 
70/269), multiple spinal sites (18.96%, 51/269) and thoracic vertebrae (15.24%, 
41/269). Outside of the spine, OATB mainly occurred in the lower limb (13.38%, 
36/269). In terms of drug resistance, 40 (14.87%) and 72 (26.77%) were resistant 
to rifampicin (RFP) and isoniazid (INH) respectively; 38 (14.13%) were multi-drug 
resistant (MDR), and a total of 78 (29.00%) isolates were drug resistant. OATB 
patients aged 40–49  years old (compared to those aged ≥70  years) and from the 
west of Hunan province, China (compared to those from the center of Hunan) 
were at risk for developing RR/MDR (ORs were 5.057 and 4.942, respectively; 
95% CIs were 1.009–25.342 and 1.458–16.750, respectively).

Conclusion: In South-central China, OATB mainly affected males, farmers and 
those aged 20–29 and 60–69  years old. Spinal TB is prone to occur in the 
lumbar and multiple spinal sites. The resistance situation of OATB was serious, 
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and people aged 40–49  years old and patients from the west of Hunan were 
risk factors of RR/MDR. All these findings will help to improve the prevention, 
diagnosis and treatment strategies of OATB.

KEYWORDS

osteoarticular tuberculosis, epidemiology, clinical characteristics, drug resistance, 
multi-drug resistance

1 Introduction

Tuberculosis (TB), a chronic infectious disease caused by the 
bacillus Mycobacterium tuberculosis complex (MTBC), is still one of the 
leading causes of death worldwide. According to the report of the World 
Health Organization (WHO), globally, an estimated 10.6 million people 
fell ill with TB and 1.3 million deaths due to TB in 2022, the number of 
new TB cases in China was as high as 748,000, ranking the third among 
the countries with high burden in the world (1). MTBC infection 
typically affects the lungs but can affect other sites of the body as well, 
so TB is always divided into pulmonary TB (PTB) and extrapulmonary 
TB (EPTB) according to the site of the lesion. Common EPTB includes 
osteoarticular TB (OATB), lymphatic TB, tuberculous meningitis, 
intestinal TB, skin tuberculosis, and so on (2–4).

OATB, with its incidence always following lymphatic TB among 
EPTB, mainly affects the hands, feet, spine, and large weight-bearing 
joints, such as the hips and knee, manifesting as joint pain, deformation 
and even disability, and having serious impact on the quality of patients’ 
life (5). OATB is not a notifiable infectious disease in China and in many 
other countries, its exact incidence is unknown. Several studies reported 
that OATB accounts for about 1–25% of TB and 3.5–41% of EPTB, with 
spinal TB being the most common, followed by other OATB (6–9). 
Drug resistance (DR) of OATB is also severe, some studies reported that 
the DR rates ranged from 27.68 to 29.05%, while the MDR rates from 4 
to 12.5% and extensively DR rates from 1.2 to 2.21% (6, 10–12).

Hunan province, located in South-central China and as the seventh 
population province with a total population of 72.463 million (13), has 
the second most TB cases in China (14). In recent years, many measures 
have been used to prevent and control TB in the province, it was reported 
the TB incidence decreased by 18.0% from 81.0/100,000  in 2018 to 
66.4/100,000 in 2022 (14). Some studies have reported the TB resistance 
characteristics in this area (11, 15, 16). However, to date, the prevalence 
and drug resistance characteristics of OATB in Hunan province remain 
unclear. Therefore, this study retrospectively collected demographic, 
clinical information and drug resistance profiles of inpatients diagnosed 
with OATB in the Hunan Chest Hospital, a provincial TB institute and 
clinical center in Hunan province, from 2013 to 2021 to explore its 

epidemiological and DR characteristics, which will help to 
comprehensively understand the characteristics of OATB and provide 
basic clues for the prevention and treatment of OATB.

2 Materials and methods

2.1 Ethics approval and informed consent

This study was performed according to the ethical guidelines of 
the Helsinki Declaration and was approved by the Ethics Committee 
of Hunan Chest Hospital (LS2021051807). The written informed 
consent from each of the patients involved was not required according 
to the Human Ethics Committee. All sensitive patient information was 
removed before analysis.

2.2 Source of patients and Mycobacterium 
tuberculosis isolates

The subjects of our study were inpatients diagnosed with OATB in 
the Hunan Chest Hospital from January 1, 2013 to March 31, 2022. 
Hunan Chest Hospital is a provincial institute and clinical center of TB, 
also delivers treatments for cardiac diseases and thoracic tumors, and has 
a total of 1,600 beds. We collected demographic and clinical information, 
including gender, age, occupation, place of residence, diagnosis and drug 
susceptibility data from the hospital’s electronic patient records. All 
sensitive information of the patient was removed before analysis.

The inclusion criteria: (1) Patients have tuberculous lesions in 
bones or joints, such as spine (including cervical vertebrae, thoracic 
vertebrae, lumbar vertebrae, sacral vertebrae), elbow joint, hip joint, 
ankle joint, knee joint, shoulder joint, rib, foot, breastbone, skull, 
sternoclavicular, etc., were all diagnosed as OATB, and all OATB 
patients with or without TB lesions in the other body sites were all 
included; (2) OATB patients with M. tuberculosis isolates. The 
exclusion criteria: (1) Patients who lived in other provinces; (2) 
Patients with incomplete data; (3) Patients with repeated hospital visit 
records in 12 months; (4) Patients without M. tuberculosis isolates.

For the aim of analyzing the drug susceptibility profiles of OATB, 
we  only included the first isolate of each patient, then compared 
between groups for different purposes.

2.3 Culture and drug susceptibility testing

Isolation and drug susceptibility testing (DST) of M. tuberculosis 
was performed in the clinical laboratory of Hunan Chest Hospital, 

Abbreviations: CI, confidence interval; DR, drug resistance (or resistant); DST, drug 

susceptibility testing; EMB, ethambutol; EPTB, extrapulmonary tuberculosis; INH, 

isoniazid; MDR, multi-drug resistance (or resistant); Mono-DR, Mono-drug resistant; 

MGIT, Mycobacterium Growth Indicator Tubes; MTBC, Mycobacterium tuberculosis 

complex; OATB, osteoarticular tuberculosis; OR, odds ratio; Poly-DR, resistant to 

more than one drug but not MDR; PTB, pulmonary TB; RFP, rifampicin; RR, 

rifampicin resistance; STR, streptomycin; TB, tuberculosis; WHO, World Health 

Organization.
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Changsha, China, a province-level reference laboratory specializing 
in mycobacterium detection and equipped with a full set of 
mycobacterium-detection facilities. Clinical specimens, including 
sputum, ascites, puncture fluid, pus, feces, tissues, blood, 
cerebrospinal fluid, and so on, were collected from TB patients and 
used to isolate M. tuberculosis by Lowenstein–Jensen (L–J) medium 
and (or) Mycobacterium Growth Indicator Tubes (MGIT) liquid 
medium, and the L–J mediums were incubated under 37°C, whilst 
the MGIT were incubated in the Bactec MGIT 960 mycobacterial 
detection instrument (Becton Dickinson Microbiology System, USA) 
according to manufacturer’s instructions. All M. tuberculosis isolates 
were validated by a growth test on a p-nitrobenzoic acid-containing 
medium (Baso, Zhuhai, China) or an MBP 64 antigen detection kit 
(Genesis, Hangzhou, China).

DST was performed using a Bactec MGIT SIRE kit (Becton 
Dickinson) in a Bactec MGIT 960 instrument following the 
manufacturer’s instructions. All steps were performed by well-trained 
technicians in a biosafety cabinet under the relevant guidelines. The 
reference strain H37Rv was used for quality control once a month or 
for each new batch of susceptibility kit. The critical concentrations in 
the MGIT 960 tubes were 1.0 μg/mL for streptomycin (STR), 0.1 μg/
mL for isoniazid (INH), 1.0 μg/mL for rifampicin (RFP), 5.0 μg/mL 
for ethambutol (EMB) (17). The definitions of DR in this study were 
as follows: (1) Mono-DR, resistant to only one of the four drugs. (2) 
MDR, resistant to at least INH and RFP, the two most important first-
line anti-TB drugs. (3) Poly-DR, resistant to more than one of the four 
drugs, but not MDR. (4) DR, resistant to at least one of the four drugs 
(INH, RFP, EMB, and STR).

2.4 Statistical analysis

Statistical analysis was done with SPSS (version 25.0, SPSS Inc., 
Chicago, IL, United States) and Microsoft Excel 2003 for Windows. 
Descriptive statistical methods were used to present the population 
distribution characteristics of OATB. Continuous variables were 
expressed as median (interquartile range, IQR), while categorical 
variables were described by the number of cases and proportions 
or rates. Chi-square test or Fisher’s exact test was used to compare 
different variables between groups. Binary logistic regression 
model was used to analyze the risk factors of DR. Results were 
considered statistically significant when the p value was less than 
0.05. Statistical charts were drawn by Microsoft Excel 2003 for 
Windows. Map drawing was conducted by ArcGIS software 
(version 10.7, ESRI, Redlands, CA, USA).

3 Results

3.1 The overall epidemiology of 
osteoarticular tuberculosis

During the study period, a total of 288 patients with OATB were 
diagnosed at the Hunan Chest Hospital, after excluding 19 cases that 
did not conform to the case inclusion criteria, 269 patients were finally 
included in the study. There were 197 male cases (73.23%) and 72 
female cases (26.77%), with a male-to-female ratio of 2.74:1.

The patients aged from 5 to 82 years with a median of 45.0 (IQR: 
29.0–61.5) years, most patients were in the age group  20–29 years 
(21.19%, 57/269), followed by 60–69 years (19.33%, 52/269), and 
40–49 years (15.24%, 41/269). The age distributions of OATB in males 
and females were both showed typical “M” type (Figure 1A).

In terms of occupation, the cases were mainly farmers (76.58%, 
206/269) (Figure 1B).

In terms of Temporal distribution, as shown in Figure 1C, 
the number of OATB patients was higher in 2017, 2018, and 
2013 with 47 (17.47%), 46 (17.1%), and 42 (15.61%), respectively. 
The cases decreased by 40.5% from 2013 to 2014 and peaked 
during 2017–2018, followed by a large decreasing trend between 
2019 and 2020.

Geographically, the majority of patients were from Shaoyang City 
(18.96%, 51/269), followed by Changsha City (11.15%, 30/269) and 
Yueyang City (10.78%, 29/269) (Figure 1D).

3.2 The epidemiology characteristics of the 
subtypes of osteoarticular tuberculosis

Among the 269 OATB patients, the exclusively OATB (without 
other types of TB) accounted for 54.3% (n = 146), OATB-EPTB 
(means that OATB was concurrent with other types of EPTB, not 
including those concurrent with PTB) accounted for 22.3% 
(n = 60), while OATB-PTB (means that OATB was concurrent 
with PTB whether with or without EPTB) accounted for 23.4% 
(n = 63).

3.2.1 The distributions of infection sites of 
osteoarticular tuberculosis

Of 269 cases, the most four prevalent infection sites were 
lumbar vertebrae (26.02%, 70/269), multiple spinal sites (18.96%, 
51/269), thoracic vertebrae (15.24%, 41/269) and lower limbs 
(13.38%, 36/269) (Table 1). We noticed that among the infection 
sites outside of the spine, lower limb (13.38%, 36/269), upper limb 
(4.46%, 12/269) and hip (4.09%, 11/269) were most frequent 
(Table 1).

Of the three subtypes of OATB (Table 1), lumbar vertebrae and 
multiple spinal sites were the top two most common sites in both the 
exclusively OATB and OATB-EPTB, while thoracic vertebrae were 
most prevalent in OATB-PTB patients and lower limbs was the third 
common in the exclusively OATB.

We also compared the difference of genders, occupations and 
regions among the three subtypes of non-spinal OATB, but no 
statistical significance was found (the data was not shown).

3.2.2 Characteristics of spinal tuberculosis
Of the 177 (65.80%) spinal TB cases, 51 had multiple TB lesions, 

whilst only 9 out of the 92 non-spinal OATB cases had multiple lesions 
outside of the spine, and the difference was statistically significant 
(χ2 = 12.65, p < 0.01) (Table 2).

Spinal TB occurred majorly in the age groups 20–29 years old 
(26.55%, 47/177) and 30–39 years old (18.64%, 33/177) (Table 3). In 
the age groups of 20–29 and 30–39 years old, spinal TB were more 
common than other OATB, whilst in the age group of 60–69 years old, 
the result was opposite.
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We also compared the difference of genders, occupations and 
regions between spinal TB and non-spinal OATB, but no statistical 
significance was found (the data was not shown).

3.3 Drug resistance profiles in patients with 
osteoarticular tuberculosis

3.3.1 Summary of drug resistance profiles
Among the first M. tuberculosis isolates of 269 OATB patients, 40 

(14.87%), 72 (26.77%), 17 (6.31%), and 51 (18.96%) were resistant to 
RFP, INH, EMB, and STR, respectively; 38 (14.13%) were MDR, 16 
(5.95%) were Poly-DR, 24 (8.92%) were Mono-DR; a total of 78 
(29.00%) isolates were DR.

Among the 24 mono-DR strains, mono-INH resistance was most 
prevalent (6.69%, 18/269). Among the 16 poly-DR strains, all isolates 
were resistant to both INH and STR. Among 38 MDR isolates, 
combining STR resistance was most prevalent (5.95%, 16/269), followed 
by combining EMB and STR resistance (5.58%, 15/269) (Table 4).

There were 53 cases that had multiple isolates, and 48 of them kept 
consistent drug susceptibility patterns. Of the remaining five cases, three 
got additional EMB resistance, one changed from resistant to susceptible 
against STR, and one changed from resistant to susceptible against INH, 

all these changes happened during their first hospitalization which always 
took 2 weeks.

3.3.2 Drug resistance differences among three 
subtypes of osteoarticular tuberculosis and 
between different infection sites

We compared the drug susceptibility differences among the three 
subtypes of OATB and between OATB in spines and that outside of 
spines, however, none of statistical significance on the four drugs’ 
resistance, MDR or DR was found (Supplementary Table 1).

3.3.3 Drug resistance differences in regions, 
genders, age groups and occupations

According to the locations of the 14 cities in Hunan province, 
we divided Hunan into five areas: east (Changsha, Xiangtan, and 
Zhuzhou), south (Hengyang, Yongzhou, and Chenzhou), west 
(Zhangjiajie, Xiangxi, and Huaihua), north (Yueyang and Changde), 
and center (Loudi, Yiyang, and Shaoyang), then we compared the 
differences of six types of resistance rates among the EPTB patients 
from the five areas and found that the STR and RFP resistance, and 
MDR showed significant differences, and the west of Hunan owned 
the highest rates of these three resistance types (all rates were 33.33%) 
(Supplementary Table 1).

FIGURE 1

The distributions of osteoarticular tuberculosis in South-central China from 2013 to 2021. (A) Age distribution; (B) occupational distribution; 
(C) temporal distribution; (D) spatial distribution.
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All comparisons on the four drugs’ resistance, MDR or DR 
among age groups found statistical significance (all p values <0.05), 
the 40~ years age group owned the highest rates of INH (43.90%) and 
RFP resistance (31.71%), and MDR (31.71%) and DR (46.34%), the 
30~ years age group owned the highest rates of STR (30.77%) and 
EMB resistance (15.38%), while the <20 years age group also had 
same and highest STR resistance with the 30~ years age group 
(Supplementary Table 1).

None of the types of resistance rates showed differences in the 
distributions of gender and occupations. The details are shown in 
Supplementary Table 1.

3.3.4 Risk factors for rifampicin/multi-drug 
resistant osteoarticular tuberculosis by 
multivariable logistic regression analysis

As RR/MDR posed a great threat to the control of TB, so 
we focused on its risk factors in this section. We included the two 
factors including age groups and regions that shown statistically 
significant associations with OATB in the univariate analysis into 
the multivariable logistic regression model. As shown in Table 5, 
OATB patients aged 40–49 years old (compared to those aged 
≥70 years) and from the west of Hunan China (compared to those 
from the center of Hunan) were at risk for developing RR/MDR 

(odds ratios [ORs] were 5.057 and 4.942, respectively; 95% 
confidence intervals [CIs] were 1.009–25.342 and 1.458–16.750, 
respectively).

4 Discussion

Our study first described the epidemiological and drug resistance 
characteristics of OATB from Hunan province, China with large 
samples, which provided important implications for the prevention 
and treatment of OATB.

The results of this study showed a much higher OATB incidence 
in men than in women. This finding is opposite to that in a study from 
Central India (18) and from South Africa (12), but consistent with the 
results from China (19). We also found that the occupation of OATB 
patients was mainly farmers (76.58%). The explanation may be that 
Hunan is a large agricultural province with a larger proportion of the 
rural population, and men bear more high labor intensity jobs than 
women and perform as the main workforce in society, in addition, 
people in rural areas usually had weaker health awareness and low 
nutritional level (20), and less healthcare services were available in 
rural area (21). It is suggested that the prevention and control of 
OATB in rural residents should be paid more attention.

TABLE 1 Distribution of affected sites of osteoarticular tuberculosis.

Infection sites Types (%) Total

Exclusively OATB OATB-EPTB OATB-PTB

Spine

Cervical vertebrae 1 (0.37%) 0 0 1 (0.37%)

Thoracic vertebrae 15 (5.58%) 6 (2.23%) 20 (7.43%) 41 (15.24%)

Lumbar vertebrae 41 (15.24) 14 (5.20%) 15 (5.58%) 70 (26.02%)

Sacral vertebrae 7 (2.60%) 5 (1.86%) 2 (0.74%) 14 (5.20%)

Multiple spines* 28 (10.41%) 11 (4.09%) 12 (4.46%) 51 (18.96%)

Other

Sternoclavicular 3 (1.12%) 5 (1.86%) 0 8 (2.97%)

Skull 1 (0.37%) 0 0 1 (0.37%)

Shoulder joints 4 (1.49%) 1 (0.37%) 2 (0.74%) 7 (2.60%)

Ribs 5 (1.86%) 2 (0.74%) 1 (0.37%) 8 (2.97%)

Upper limbs 10 (3.72%) 1 (0.37%) 1 (0.37%) 12 (4.46%)

Hip bones 6 (2.26%) 3 (1.12%) 2 (0.74%) 11 (4.09%)

Lower limbs 24 (8.92%) 5 (1.86%) 7 (2.60%) 36 (13.38%)

Multiple sites# 1 (0.37%) 7 (2.60%) 1 (0.37%) 9 (3.35%)

Total 146 (54.28%) 60 (22.30%) 63 (23.42%) 269 (100.00%)

*Means that tuberculous lesions were at least in two of four types of spine sites: cervical, thoracic, lumbar and sacral vertebrae, #not include spinal tuberculosis concomitant with other 
osteoarticular tuberculosis. OATB, osteoarticular tuberculosis; OATB-EPTB, means that OATB was concurrent with other types of extrapulmonary tuberculosis, not including those 
concurrent with pulmonary tuberculosis; OATB-PTB, means that OATB was concurrent with pulmonary tuberculosis.

TABLE 2 Comparison on the tuberculous lesion number between spinal and non-spinal tuberculosis.

Occurrences Single lesion Multiple lesions Total χ2 p

Spinal tuberculosis 126 51 177 12.65 0.000

Non-spinal tuberculosis 83 9 92

Total 209 60 269
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Our results showed that OATB affected all age groups, with the 
peak incidence at the age groups of 20–29 and 60–69 years old. A 
previous study from Beijing, China reported that OATB showed a 
slight descent trend as age increased, the age groups of 18–39, 40–59, 
and ≥60 years old took proportions of 33.4, 32.7, and 26.7%, 
respectively, while the <18 years took only 7.1% (6), as the age group 
classification was not consistent with the present study, it was not easily 
compared between the two studies. Another study from Cape Town, 
South Africa showed that OATB were mostly occurred in 20–25, 1–5, 
and 61–65 years old (12), which partly in line with our study.

In terms of the temporal distribution, the high number of cases in 
2013 could be attributed to the following two reasons. First, Hunan 
province implemented 10 health measures to benefit the people in 2013, 
including providing free anti-TB treatment for patients with active TB 
(22). Then, the number of patients with OATB showed a slow rising 
trend from 2014 to 2018, which may be related to the improvement of 

medical level, optimization of TB diagnostic techniques and 
improvement of the population’s awareness of TB. On the contrary, the 
explanation for the decline in the number of cases since 2019 is probably 
as follows: under the implementation of the “13th Five-Year Plan” for 
Tuberculosis Prevention and Control of Hunan province in 2018, all 14 
cities (prefecture) set up hospitals for DR TB diagnosis and treatment, so 
the patients had more convenient shortcuts to seek medical treatment 
in local areas, instead of going to the provincial hospital; the number of 
patients decreased significantly from 2020 to 2021, which may be due to 
the great negative impact of the COVID-19 epidemic on the discovery, 
treatment and management of TB patients (23, 24).

Unlike the fluctuation in the number of cases in this study, Wang 
et  al. found that the OATB in the southwest of China showed an 
upward trend from 2013 to 2021 (10). A study from central India also 
reported that the OATB burden was increasing from 2017 to 2021 
(18). Another study on OATB between 2002 and 2019 from Oman 
showed that the cases were more frequent between 2015 and 2017 
(25). In contrast, in Spain, the mean OATB annual incidence per 
million inhabitants of the first period (1997–2007) was significantly 
higher than that of the second (2008–2018) (6.95 vs. 5.35, p < 0.001) 
(26). These studies indicate that OATB has regional epidemiological 
characteristics and should be  strengthened in surveillance for 
better control.

In terms of regional distribution, Shaoyang, Changsha, and 
Yueyang had higher proportions of the OATB patients. The 
reason may be  that Shaoyang, the third largest city in Hunan 
Province, has a large population base. Geographically, Hunan 
Chest Hospital is located in Changsha, which is beneficial for 
patients in this area and surrounding cities like Yueyang City 
seeking for treatments.

Previous investigations have demonstrated that 14.37–30.0% (25, 
27) of OATB patients were concurrent with PTB or (and) other types 
of EPTB, which was lower than our study (45.7%). The explanation 
may be that the samples collected in this study were from Hunan 
Chest Hospital, which is a designated hospital for TB treatment, the 

TABLE 3 Comparison on age between spinal tuberculosis and other types 
of osteoarticular tuberculosis.

Age groups 
(years)

Spinal TB 
(n, %)

Other OATB 
(n, %)

χ2# p

<20 10 (5.65) 3 (3.26) 35.31 <0.001

20~ 47 (26.55)* 10 (10.87)*

30~ 33 (18.64)* 6 (6.52)*

40~ 24 (13.56) 17 (18.48)

50~ 24 (13.56) 16 (17.39)

60~ 19 (10.73)* 33 (35.87)*

>=70 20 (11.30) 7 (7.61)

Total 177 (100.00) 92 (100.00)

TB, tuberculosis; OATB, osteoarticular tuberculosis. #For the convenience of performing 
RxC Chi-square test, the age groups 40~ and 50~ years old were combined. *Means that of 
the specific age groups, there were statistical significance on the frequency between spinal TB 
and other OATB by one by one comparison.

TABLE 4 Drug susceptibility patterns of 269 clinical Mycobacterium tuberculosis isolates.

Susceptibility or resistance Exclusively OATB (%) OATB-EPTB (%) OATB-PTB (%) Total (%)

Fully susceptible* 100 (68.49) 45 (75.00) 46 (73.02) 191 (71.00)

Resistant 46 (31.51) 15 (25.00) 17 (26.98) 78 (29.00)

  Mono-resistant 15 (10.27) 3 (5.00) 6 (9.52) 24 (8.92)

   H-resistant 11 (7.53) 2 (3.33) 5 (7.94) 18 (6.69)

   R-resistant 1 (0.68) 0 1 (1.59) 2 (0.74)

   S-resistant 3 (1.12) 1 (1.67) 0 4 (1.49)

   E-resistant 0 0 0 0

Poly-resistant 9 (6.16) 3 (5.00) 4 (6.35) 16 (5.95)

MDR 22 (15.07) 9 (15.00) 7 (11.11) 38 (14.13)

  HR 11 (7.53) 2 (3.33) 5 (7.94) 5 (1.86)

  HRS 1 (0.68) 0 1 (1.59) 16 (5.95)

  HRE 3 (1.12) 1 (1.67) 0 2 (0.74)

  HRES 0 0 0 15 (5.58)

*Means the isolates were simultaneously susceptible to isoniazid, rifampicin, streptomycin, and ethambutol. H, isoniazid; R, rifampicin; S, streptomycin; E, ethambutol; MDR, multi-drug 
resistant. OATB, osteoarticular tuberculosis; OATB-EPTB, means that OATB was concurrent with other types of extrapulmonary tuberculosis, not including those concurrent with pulmonary 
tuberculosis; OATB-PTB, means that OATB was concurrent with pulmonary tuberculosis; Poly-resistant, these isolates were all only resistant to INH and STR.

https://doi.org/10.3389/fpubh.2024.1432071
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Fang et al. 10.3389/fpubh.2024.1432071

Frontiers in Public Health 07 frontiersin.org

patients with PTB symptoms mostly chose to go to this hospital for 
treatment, leading to selection bias in the samples. Therefore, 
clinicians should be alert to the presence of OATB combined with 
PTB and assess its infectivity.

In the present study, we found that the OATB lesions distributed 
widely, and spinal lesion was the most prevalent (accounting for 
65.8%), similar to the study from Oman (66%, 76/115) (25) and 
studies from China [62.03%, 165/266 (3); 64.4%, 1,988/3,086 (6)]. It 
is reported that spinal TB is prevalent in children and young adults 
(27–29), usually during the initial latent phase of the infection (28, 
29). However, we found that the under 20 years old took only 5.6% 
(10/177), while the 20–29 years old took the highest proportion 
(37.5%, 47/177) of spinal TB, so our results partly confirmed the 
previous studies (27–29). The spinal TB is frequently asymptomatic in 
its early stage, but the infection usually extends into the adjacent 
intervertebral disc space, with contiguous infection of multiple 
adjacent vertebral bodies. The present study showed that 18.96% 
(51/269) patients had lesions in at least two of four types of spine sites: 
cervical vertebrae, thoracic vertebrae, lumbar vertebrae and sacral 
vertebrae (Table 1). Spinal TB usually and gradually contributes to 
bone destruction, vertebral collapse, compression of the spinal cord 
and nerves, and eventually symptoms such as pain, numbness, and 
weakness. So, the spinal TB burden must be paid more attention in its 
diagnosis and treatment.

Currently, DR has become a major problem in the treatment of 
TB. In the present study, the prevalences of MDR- and RR-OATB were 
14.13 and 14.87% respectively, which were similar to that (MDR: 
12.5%) from Fan et al.’ report (6), and were both twice higher than the 
national levels in new PTB cases in China (respectively 5.71 and 
6.65%) (30). The MDR rate (14.13%) in our study was far higher than 
that of OATB patients from South Africa (4%, 5/125) (12) and from 
southwest China (7.1%, 17/241) (10). The INH resistance rate 
(26.77%) was the highest in the present study, which was higher than 
the national level among the new PTB cases (16.0%) (30); the DR rate 
(29.00%) was lower than the national level among the new PTB cases 
(34.2%) (30). A previous study from South-central China reported the 

resistance differences between Beijing and non-Beijing genotype 
M. tuberculosis from spinal TB with small sample sizes (56 isolates), 
their rates of RR (33.93%), MDR (30.36%), INH (37.5%), EMB 
(19.64%), and STR (26.79%) resistance in all isolates (31) were all 
higher than that from the present study. It was worthy to notice that, 
no DR difference was found among the subtypes of OATB or between 
spinal TB and non-spinal TB in the present study. All these clues 
suggested that the DR in OATB was very serious, and more precise 
and faster diagnosis tools and more effective treatment regimens in 
OATB are needed.

This study also tried to explore the risk factors of RR/MDR 
OATB. The results showed that OATB patients aged 40–49 years old 
(compared to those aged ≥70 years) and from the west of Hunan 
China (compared to those from the center of Hunan) were at risk for 
developing RR/MDR. The samples in the present study were from a 
provincial TB hospital in Changsha City (located in the east of 
Hunan), and the west of Hunan is the farthest area from Changsha 
City, we  speculated one reason was that the OATB patients with 
serious, DR and not recovered from prolonged treatment were 
transferred to this hospital, resulting the higher resistance rates in this 
area. Fan et al. (6) reported that <18 years had significantly higher 
odds of having DR OATB compared with those aged ≥60 years (aOR, 
20.778; 95% CI, 4.49–96.149), which was only partly consistent with 
the present study, as we only found that <20 years age group only had 
highest STR resistance rates, while the 40~ years age group owned the 
highest rates of INH (43.90%) and RFP resistance (31.71%), and MDR 
(31.71%) and DR (46.34%) rates, and showed as an independent risk 
factor of RR/MDR OATB by multivariable logistic regression.

There were some limitations in this study: first, we only included 
the inpatients from the Hunan Provincial Chest Hospital and the 
inpatients with severe symptom or DR-TB were more inclined to 
hospitalization, which would result in overestimated DR levels. 
Second, there was no available information on the categories of new 
cases or relapse, so that we could not report the resistance rates of each 
category to provide more exact clues on the management of 
resistant OATB.

TABLE 5 Risk factors for rifampicin/multi-drug resistant osteoarticular tuberculosis by multivariable logistic regression model.

Characteristics RR/MDR cases (n, %) p OR (95% CI)

Yes No

Age groups (years)

  <20 2 (15.38) 11 (84.62) 0.499 2.078 (0.250–17.289)

  20~ 7 (12.28) 50 (87.72) 0.772 1.282 (0.239–6.880)

  30~ 9 (23.08) 30 (76.92) 0.156 3.290 (0.636–17.030)

  40~ 13 (31.71) 28 (68.29) 0.049 5.057 (1.009–25.342)

  50~ 6 (15.00) 34 (85.00) 0.453 1.925 (0.348–10.662)

  60~ 1 (1.92) 51 (98.08) 0.249 0.234 (0.020–2.761)

  ≥70 2 (7.41) 25 (92.59) Reference

Region

  East of Hunan (Changsha, Xiangtan, Zhuzhou) 7 (11.86) 52 (88.14) 0.534 1.431 (0.463–4.424)

  South of Hunan (Hengyang, Yongzhou, Chenzhou) 7 (14.89) 40 (85.11) 0.312 1.785 (0.580–5.493)

  West of Hunan (Zhangjiajie, Xiangxi, Huaihua) 7 (33.33) 14 (66.67) 0.010 4.942 (1.458–16.750)

  North of Hunan (Yueyang, Changde) 11 (21.15) 41 (78.85) 0.066 2.627 (0.938–7.354)

  Center of Hunan (Loudi, Yiyang, Shaoyang) 8 (8.89) 82 (91.11) Reference

OR, odds ratio; CI, confidence interval. RR/MDR, rifampicin resistance/multi-drug resistance.
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5 Conclusion

In conclusion, OATB of human was more inclined to happen in 
males than in females, in farmers, and involve in the whole skeletal 
system, especially in the spine; spinal OATB always damaged multiple 
spinal columns. The resistance situation of OATB was serious, and 
people aged 40–49 years old and from west of Hunan were risk factors 
for developing RR/MDR-OATB. Therefore, the diagnostic technology 
on OATB and its susceptibility should be continuously optimized to 
achieve early diagnosis and effective treatment, subsequently reducing 
the occurrence of DR and improving the prognosis of patients.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics 
Committee of Hunan Chest Hospital. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
Written informed consent for participation was not required from the 
participants or the participants’ legal guardians/next of kin in 
accordance with the national legislation and institutional requirements.

Author contributions

TF: Formal analysis, Methodology, Validation, Writing – original 
draft, Writing – review & editing. SY: Formal analysis, Methodology, 
Validation, Writing – original draft, Writing – review & editing. 
BL: Methodology, Validation, Writing – review & editing. WL: 
Methodology, Validation, Writing – review & editing. QS: 
Methodology, Validation, Writing – review & editing. HL: Formal 
analysis, Investigation, Methodology, Supervision, Validation, Writing 
– review & editing. YY: Formal analysis, Methodology, Validation, 
Writing – review & editing. YX: Formal analysis, Methodology, 
Validation, Writing – review & editing. ML: Methodology, Validation, 
Writing – review & editing. YG: Methodology, Validation, Writing – 
review & editing. JL: Methodology, Validation, Writing – review & 
editing. XZ: Methodology, Validation, Writing – review & editing.  
LZ: Methodology, Validation, Writing – review & editing.  
KW: Methodology, Supervision, Writing – review & editing.  

GL: Conceptualization, Formal analysis, Funding acquisition, 
Investigation, Methodology, Resources, Writing – original draft, 
Writing – review & editing. XY: Resources, Supervision, Validation, 
Writing – review & editing. YT: Methodology, Resources, Supervision, 
Validation, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This study was 
supported by the traditional Chinese medicine project of Hunan 
province (No. B20240110), Beijing Natural Science Foundation (No. 
7242189), and projects from National Institute for Communicable 
Disease Control and Prevention, Chinese Center for Disease Control 
and Prevention (No. 33066, No. 33077). The funders had no role in 
this work.

Acknowledgments

The authors thank all staff working in the Hunan Chest Hospital 
for support and assistant to the projects.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1432071/
full#supplementary-material

References
 1. World Health Organization. Global tuberculosis report 2023. Geneva, Switzerland: 

World Health Organization (2023).

 2. Chen HR. Demographic and clinical characteristics of patients with extrapulmonary 
tuberculosis in Shangdong Province (dissertation) Shangdong University (2015).

 3. Li T, Yan X, Du X, Huang F, Wang N, Ni N, et al. Extrapulmonary tuberculosis in 
China: a national survey. Int J Infect Dis. (2023) 128:69–77. doi: 10.1016/j.ijid.2022.12.005

 4. Pang Y, An J, Shu W, Huo F, Chu N, Gao M, et al. Epidemiology of extrapulmonary 
tuberculosis among inpatients, China, 2008-2017. Emerg Infect Dis. (2019) 25:457–64. 
doi: 10.3201/eid2503.180572

 5. Liu Z, Wang J, Chen GZ, Li WW, Wu YQ, Xiao X, et al. Clinical characteristics of 
1378 inpatients with spinal tuberculosis in general hospitals in South-central China. 
Biomed Res Int. (2019) 2019:9765253–11. doi: 10.1155/2019/9765253

 6. Fan J, An J, Shu W, Huo F, Li S, Wang F, et al. Epidemiology of skeletal tuberculosis 
in Beijing, China: a 10-year retrospective analysis of data. Eur J Clin Microbiol Infect Dis. 
(2020) 39:2019–25. doi: 10.1007/s10096-020-03924-6

 7. Xu ZF, Liu LP, Wang QZ, Xu SH, Bai LQ. Study on epidemiological characteristics 
and influencing factors of pathogen positive hospitalized pulmonary tuberculosis 
patients with extrapulmonary tuberculosis. Chinese J Anti-Tubercul. (2021) 43:1164–70. 
doi: 10.3969/j.issn.1000-6621.2021.11.011 (In Chinese)

https://doi.org/10.3389/fpubh.2024.1432071
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1432071/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1432071/full#supplementary-material
https://doi.org/10.1016/j.ijid.2022.12.005
https://doi.org/10.3201/eid2503.180572
https://doi.org/10.1155/2019/9765253
https://doi.org/10.1007/s10096-020-03924-6
https://doi.org/10.3969/j.issn.1000-6621.2021.11.011


Fang et al. 10.3389/fpubh.2024.1432071

Frontiers in Public Health 09 frontiersin.org

 8. Chopra R, Bhatt R, Biswas SK, Bhalla R. Epidemiological features of skeletal 
tuberculosis at an urban district tuberculosis centre. Indian J Tuberc. (2016) 63:91–5. 
doi: 10.1016/j.ijtb.2015.07.008

 9. Mariconda M, Cozzolino A, Attingenti P, Cozzolino F, Milano C. Osteoarticular 
tuberculosis in a developed country. J Infect. (2007) 54:375–80. doi: 10.1016/j.
jinf.2006.06.006

 10. Wang DM, An Q, Yang Q, Liao Y, Jian Y. Osteoarticular tuberculosis cases in the 
southwest of China: a 9-year retrospective study. Front Med (Lausanne). (2023) 
10:1051620. doi: 10.3389/fmed.2023.1051620

 11. Sharma K, Sharma M, Sharma A, Dhillon MS. Diagnosing osteoarticular 
tuberculosis and detecting rifampicin resistance: a comparative analysis of Truenat MTB 
plus vs GeneXpert ultra. Tuberculosis (Edinb). (2024) 145:102483. doi: 10.1016/j.
tube.2024.102483

 12. Held MFG, Hoppe S, Laubscher M, Mears S, Dix-Peek S, Zar HJ, et al. 
Epidemiology of musculoskeletal tuberculosis in an area with high disease prevalence. 
Asian Spine J. (2017) 11:405–11. doi: 10.4184/asj.2017.11.3.405

 13. Hunan Bureau of Statistics, National Bureau of Statistics Hunan Survey Corps. 
Hunan statistical yearbook 2022. Beijing: China Statistics Press (2023).

 14. Public Health Data Center. Available at: https://www.phsciencedata.cn/Share/
index.jsp (Accessed November 11, 2023).

 15. Zhao LL, Chen Y, Chen ZN, Liu HC, Hu PL, Sun Q, et al. Prevalence and molecular 
characteristics of drug-resistant Mycobacterium tuberculosis in Hunan, China. 
Antimicrob Agents Chemother. (2014) 58:3475–80. doi: 10.1128/AAC.02426-14

 16. Bai H, Guo JW, Hu PL, Yi SL, Wen J, Liu FP, et al. Analysis of drug resistance 
surveillance results of Mycobacterium tuberculosis in Hunan Province from 2014 to 2018. 
Chinese J Antitubercul. (2021) 43:364–9. doi: 10.3969/j.issn.1000-6621.2021.04.012  
(In Chinese)

 17. World Health Organization. Technical manual for drug susceptibility testing of 
medicines used in the treatment of tuberculosis (WHO/CDS/TB/2018.24)[EB/OL]. 
Licence: CC BY-NC-SA 3.0 IGO. Geneva: World Health Organization. 2018[2018-10-17]. 
Available at: http://apps.who.int/iris/bitstream/handle/10665/275469/9789241514842-
eng.pdf

 18. Kori VK, Bandil D, Asthana M, Maravi DS. Osteoarticular tuberculosis in central 
India: changing epidemiological profile and emerging challenges. Int J Mycobacteriol. 
(2023) 12:28–32. doi: 10.4103/ijmy.ijmy_233_22

 19. The epidemiology of spinal tuberculosis in the United  States: an analysis of 
2002-2011 data. J Neurosurg Spine. (2017) 26:507–12. doi: 10.3171/2016.9.SPINE16174

 20. Niu T, He F, Yang J, Ma C, Xu J, Sun T, et al. The epidemiological characteristics 
and infection risk factors for extrapulmonary tuberculosis in patients hospitalized with 
pulmonary tuberculosis infection in China from 2017 to 2021. BMC Infect Dis. (2023) 
23:488. doi: 10.1186/s12879-023-08410-w

 21. Hu C, Zhang M, Zhang W, Zhang X, Zhao Z, Huang Z, et al. Salt-related 
knowledge, behaviors, and associated factors among Chinese adults – China, 2015. 
China CDC Wkly. (2020) 2:678–83. doi: 10.46234/ccdcw2020.188

 22. Cao Xiaobo. Hunan Provincial Health committiee released the ten measures to 
benefit the public in 2013. Beijing, China: CCTV network. (2013). Available at: 
http://news.cntv.cn/2013/01/26/ARTI1359178195510378.shtml (Accessed January 
26, 2023).

 23. Guo J, Feng YP, Liu ZD, Luo SR, Wu QY. Analysis of factors influencing patient 
delay by patients with pulmonary tuberculosis in Lishui City, Zhejiang Province. BMC 
Pulm Med. (2023) 23:264. doi: 10.1186/s12890-023-02554-w

 24. Colais P, Cascini S, Balducci M, Agabiti N, Davoli M, Fusco D, et al. Impact of 
the COVID-19 pandemic on access to healthcare services amongst patients with 
multiple sclerosis in the Lazio region, Italy. Eur J Neurol. (2021) 28:3403–10. doi: 
10.1111/ene.14879

 25. Hegazy WAH, Al Mamari R, Almazroui K, Al Habsi A, Kamona A, AlHarthi H, 
et al. Retrospective study of bone-TB in Oman: 2002-2019. J Epidemiol Glob Health. 
(2021) 11:238–45. doi: 10.2991/jegh.k.210420.002

 26. León Rubio I, Espejo G. Decrease in osteoarticular tuberculosis in Spain between 
1997 and 2018. Reumatol Clin. (2023) 19:45–8. doi: 10.1016/j.reumae.2022.06.003

 27. Shi T, Zhang Z, Dai F, Zhou Q, He Q, Luo F, et al. Retrospective study of 967 
patients with spinal tuberculosis. Orthopedics. (2016) 39:e838–43. doi: 
10.3928/01477447-20160509-03

 28. Dunn RN, Ben Husien M. Spinal tuberculosis: review of current management. 
Bone Joint J. (2018) 100-B:425–31. doi: 10.1302/0301-620X.100B4.BJJ-2017-1040.R1

 29. Mann TN, Schaaf HS, Dunn RN, Dix-Peek S, du Preez K, Lamberts RP, et al. Child and 
adult spinal tuberculosis at tertiary hospitals in the Western cape, South Africa: 4-year burden 
and trend. Epidemiol Infect. (2018) 146:2107–15. doi: 10.1017/S0950268818002649

 30. Zhao Y, Xu S, Wang L, Chin DP, Wang S, Jiang G, et al. National survey of drug-
resistant tuberculosis in China. N Engl J Med. (2012) 366:2161–70. doi: 10.1056/
NEJMoa1108789

 31. Liu Z, Li W, Zhang Y, Wu Y, Xiao X, Sun Z, et al. Analysis of clinical factors, 
bacterial genotyping, and drug resistance for spinal tuberculosis in South-central China. 
Biomed Res Int. (2020) 2020:9871390. doi: 10.1155/2020/9871390

https://doi.org/10.3389/fpubh.2024.1432071
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.ijtb.2015.07.008
https://doi.org/10.1016/j.jinf.2006.06.006
https://doi.org/10.1016/j.jinf.2006.06.006
https://doi.org/10.3389/fmed.2023.1051620
https://doi.org/10.1016/j.tube.2024.102483
https://doi.org/10.1016/j.tube.2024.102483
https://doi.org/10.4184/asj.2017.11.3.405
https://www.phsciencedata.cn/Share/index.jsp
https://www.phsciencedata.cn/Share/index.jsp
https://doi.org/10.1128/AAC.02426-14
https://doi.org/10.3969/j.issn.1000-6621.2021.04.012
http://apps.who.int/iris/bitstream/handle/10665/275469/9789241514842-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/275469/9789241514842-eng.pdf
https://doi.org/10.4103/ijmy.ijmy_233_22
https://doi.org/10.3171/2016.9.SPINE16174
https://doi.org/10.1186/s12879-023-08410-w
https://doi.org/10.46234/ccdcw2020.188
http://news.cntv.cn/2013/01/26/ARTI1359178195510378.shtml
https://doi.org/10.1186/s12890-023-02554-w
https://doi.org/10.1111/ene.14879
https://doi.org/10.2991/jegh.k.210420.002
https://doi.org/10.1016/j.reumae.2022.06.003
https://doi.org/10.3928/01477447-20160509-03
https://doi.org/10.1302/0301-620X.100B4.BJJ-2017-1040.R1
https://doi.org/10.1017/S0950268818002649
https://doi.org/10.1056/NEJMoa1108789
https://doi.org/10.1056/NEJMoa1108789
https://doi.org/10.1155/2020/9871390

	Analysis on the epidemiological and drug resistance characteristics of osteoarticular tuberculosis in South-central China
	1 Introduction
	2 Materials and methods
	2.1 Ethics approval and informed consent
	2.2 Source of patients and Mycobacterium tuberculosis isolates
	2.3 Culture and drug susceptibility testing
	2.4 Statistical analysis

	3 Results
	3.1 The overall epidemiology of osteoarticular tuberculosis
	3.2 The epidemiology characteristics of the subtypes of osteoarticular tuberculosis
	3.2.1 The distributions of infection sites of osteoarticular tuberculosis
	3.2.2 Characteristics of spinal tuberculosis
	3.3 Drug resistance profiles in patients with osteoarticular tuberculosis
	3.3.1 Summary of drug resistance profiles
	3.3.2 Drug resistance differences among three subtypes of osteoarticular tuberculosis and between different infection sites
	3.3.3 Drug resistance differences in regions, genders, age groups and occupations
	3.3.4 Risk factors for rifampicin/multi-drug resistant osteoarticular tuberculosis by multivariable logistic regression analysis

	4 Discussion
	5 Conclusion

	References

